Despite improvements in anticancer-targeted therapies, there are still limited options for patients that develop metastatic disease in organs such as the bone. Metastasis is a complex process initiated by tumor cell invasion of the surrounding stroma, intravasation into the circulation, extravasation and lodging in distant organs. At distant sites, tumor cells overcome dormancy and induce angiogenesis before they eventually invade the tissue and outgrow into macrometastases. This multistep process is dynamic, involving interactions between tumor cells and other host cells, including immune cells.[@R1] Perhaps the most important steps in the metastatic cascade from a therapeutic perspective are the survival and outgrowth of disseminated cells in distant organs. Many breast cancer patients already have neoplastic cells in their bloodstream or lodged in distant tissues at the time of diagnosis.[@R2] Although there are reports indicating that the immune system regulates the survival and growth of some cancers,[@R3] there is little evidence on the role of the immune system in controlling these critical steps of metastasis.

The contribution of immune surveillance in regulating the metastatic spread to the bone has been somewhat ignored, as most experimental models of bone metastasis involve injection of human breast cancer lines into immunocompromised hosts. To address this issue, we used the syngeneic 4T1.2 model of spontaneous mammary metastasis,[@R4] allowing us to determine the changes that occur both in tumor cells and in the host immune system that may contribute to tumor cell survival and outgrowth in the bone. Comparison of the gene signatures from tumor cells derived from primary tumors and bone metastases revealed that malignant cells at the primary site express genes associated with elements of a Type I interferon (IFN) innate immune pathway. In contrast, upon spread to the bone, the expression of this gene signature is significantly decreased. In particular, an important regulator of the Type I IFN system, IFN regulatory factor 7 (Irf7)[@R5] and 208 of its predicted target genes were suppressed in the tumor cells that had formed metastases in the bone. The large representation of Irf7-regulated genes in the downregulated gene list suggested that tumor-derived Type I IFNs suppress bone metastasis.[@R6]

Type I IFNs are a family of cytokines well known for their function in antiviral immune responses.[@R5] Secretion from immune cells like dendritic cells can shape host immunity through direct and indirect actions on both the innate and adaptive immune systems, including the enhancement of natural killer (NK) cell expansion, survival and cytotoxicity as well as the enhancement of T lymphocyte clonal expansion and differentiation.[@R7] In addition, Type I IFNs are capable of reducing myeloid-derived suppressor cell (MDSC) number and of limiting their immunosuppressive functions.[@R8] Although a role for Type I IFNs in anticancer immune responses have previously been proposed,[@R9] their cellular source, antitumor response mechanisms, and importantly, their role in metastasis remained unclear. Based on the detection of an active IFN signaling pathway in mammary tumors, we hypothesized that the activation of this pathway could stimulate an antitumor immune response, suppressing the development of bone metastases.

The restoration of Type I IFN signaling in mice bearing 4T1.2 tumors by either enforced expression of Irf7 by tumor cells or by the systemic administration of Type I IFN, dramatically decreased metastasis to the bone and prolonged metastasis-free survival. This was associated with an increased abundance of immune effector cells (CD8^+^ T cells and NK cells) and reduced numbers of immunosuppressive MDSCs in the blood and bone marrow, pointing to the stimulation of anti-metastatic immune responses. An immune-dependent mechanism was confirmed using mice lacking the the Type I IFN receptor (*Ifnar1^−/−^*), mice lacking functional innate and adaptive immune responses (NOD SCID *Il2rγ^−/−^* mice) and wild type mice depleted of CD8^+^ T-cell and NK-cell populations. These approaches confirmed a critical role for IFN-driven immune responses in Irf7-induced metastasis suppression ([Fig. 1](#F1){ref-type="fig"}), as bone metastasis was accelerated in all settings. This indicates that the anti-metastatic effects of Type I IFN are not intrinsic to tumor cells but are mediated by the immune system.

![**Figure 1.** Mechanisms of Type I IFN-mediated bone metastasis suppression. During metastasis, tumor cells disseminate from the primary site into the circulation and the bone marrow. In order for macrometastases to form in the bone, disseminated tumor cells or micrometastases need to escape immune recognition and elimination and to initiate angiogenesis and metastatic growth. One mechanism of immune escape is the downregulation of Type I IFN secretion by tumor cells, preventing a direct activation of immune cells such as CD8^+^ T cells and NK cells, and/or allowing the accumulation of immunosuppressive MDSCs. We propose that elevated Type I IFN, as obtained either by the molecular restoration of Irf7 expression in tumor cells or by the systemic administration of Type I IFN, could activate an antitumor immune response that prevents tumor cell outgrowth in the bone. Our studies suggest that Type I IFN influences the immune system in multiple ways, including the expansion of CD8^+^ T cells and NK cells as well as the inhibition of MDSC immunosuppressive functions.](onci-2-e22339-g1){#F1}

Importantly, suppression was only observed in bone metastasis, as Irf7 expression or IFN treatment did not significantly alter primary tumor growth or metastasis to the lungs.[@R6] This observation in animal models was confirmed by clinical data. Analysis of over 800 patient samples confirmed that the Irf7 signature could predict bone metastatic relapse. Patients with low expression of this signature in the primary tumors were more likely to develop bone metastasis as the first site of relapse, yet their risk for developing metastasis to other sites including the lung, liver and brain was unchanged.[@R6] Altogether, these results suggest that the IFN-driven immune control of breast cancer is specific for metastases and organ-dependent.

Understanding the role of Type I IFN in metastasis-specific antitumor immune responses has important mechanistic and prognostic implications. Our study suggests that immune surveillance has an important role in regulating metastatic spread and hence demonstrates that the use of metastasis models that lack a competent immune system ignores critical tumor-immune cell crosstalk. Additionally, our study supports the use of the Irf7 signature to predict bone metastatic relapse in patients that may benefit from therapies aimed at restoring IFN-driven immune responses to prevent this. Although the clinical application of Type I IFN-based therapies has been tested unsuccessfully in small cohorts of breast cancer patients that already developed macrometastases,[@R10] we hypothesize that the best therapeutic window for investigating such therapies is in the adjuvant setting, when disseminated breast cancer cells have not yet formed macrometastases. Future studies based on the patient population that would most likely benefit from IFN-based therapies and the most appropriate therapeutic setting for administering such treatments are imperative.
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